INTRODUCTION
============

Atorvastatin is one of HMG-CoA reductase inhibitors, which are often known as statins and are commonly used to treat hypercholesterolemia with considerable effectiveness. Generally speaking, atorvastatin is a relatively safe and well-tolerated statin with rare adverse effects including mild gastrointestinal disturbances, elevated serum transaminase levels, and muscle-related disorders.^[@R1]--[@R3]^ However, few cases have been reported that atorvastatin could be associated with acute pancreatitis as monotherapy or in combination with other offending drugs.^[@R4]--[@R9]^ The U.S. Food and Drug Administration has also reported that since 1997 to 2013, 1183 persons (0.91%) had pancreatitis among 129,845 persons reporting to have side effects when taking atorvastatin.^[@R10]^

Acute pancreatitis is known as an acute inflammatory condition of the pancreas with the potential for severe morbidity and mortality. The etiologies of acute pancreatitis have been extensively explored worldwide, such as alcohol consumption, biliary stones, hypertriglyceridemia, and diabetes mellitus.^[@R11]--[@R13]^ In addition, many drugs have been found to be associated with acute pancreatitis. Cases of drug-related acute pancreatitis are estimated to account for about 2% of acute pancreatitis cases.^[@R14],[@R15]^

Any adverse drug event needs further investigation based on a systematic analysis before a cause--effect relationship can be established. Given the increased use of atorvastatin and the aforementioned case reports and the U.S. Food and Drug Administration report, we make a plausible hypothesis that there could be a relationship between atorvastatin use and acute pancreatitis. To our knowledge, the clinical relationship between atorvastatin use and acute pancreatitis using a population-based study has not yet been explored. If the relationship really exists, atorvastatin-associated acute pancreatitis should be taken in consideration when patients presenting with a diagnosis of acute pancreatitis without a definite etiology and concomitantly taking atorvastatin. Therefore, we used the claims data of the Taiwan National Health Insurance Program to explore the relationship between atorvastatin use only and acute pancreatitis.

METHODS
=======

Data Source
-----------

The National Health Insurance Program was organized by the Taiwan government in 1995 as a nationwide, single-payer health insurance program. This program has enrolled about 99% of the entire population of 23 million people living in Taiwan.^[@R16]^ The National Health Insurance Research Database contained historical reimbursement claim data from the National Health Insurance Program. The details of the insurance program were well described in previous high-quality studies.^[@R17],[@R18]^ Shortly speaking, The National Health Insurance Research Database was maintained and managed by National Health Research Institute. Before releasing claim data for research, the National Health Research Institute created a scrambled and anonymous identification number to link each insured individual reimbursement claim data, including sex, birth date, and medical services record. The National Health Research Institute released the Longitudinal Health Insurance Database, which is a subset of the National Health Insurance Research Database. The Longitudinal Health Insurance Database contains all ambulatory and inpatient claims data on 1 million beneficiaries who were randomly sampled from the 2000 registry for beneficiaries of the National Health Insurance Research Database. For Personal Information Protection Act, all researchers must sign an agreement for no intention of attempting to obtain the privacy of patients. The study was approved by the institutional review board of China Medical University and Hospital in Taiwan (CMUH-104-REC2--115). Diseases were coded according to the International Classification of Diseases 9th Revision Clinical Modification (ICD-9 code), 2001 edition.

Study Design and Identification of Cases and Controls
-----------------------------------------------------

This case--control study used data extracted from the Longitudinal Health Insurance Database. Subjects aged 20 to 84 years with a first-time diagnosis of acute pancreatitis during the period 1998 to 2011 were identified as cases (ICD-9 code 577.0). The index date for each case was defined as the date of diagnosing acute pancreatitis. Controls also aged 20 to 84 years were randomly selected from those without acute pancreatitis. Both cases and controls were matched by sex, age (every 5-year span), comorbidities, and index year of diagnosing acute pancreatitis. To increase unbiased results, subjects with chronic pancreatitis (ICD-9 code 577.1) or pancreatic cancer (ICD-9 code 157) before the date of diagnosing acute pancreatitis were excluded from the study. To focus on the relationship between atorvastatin use only and acute pancreatitis, subjects who at least received 1 prescription for other statins or nonstatin lipid-lowering drugs were excluded from the study.

Comorbidities Potentially Related to Acute Pancreatitis
-------------------------------------------------------

Comorbidities before the date of diagnosing acute pancreatitis potentially related to acute pancreatitis were included as follows: alcohol-related disease (ICD-9 codes 291, 303, 305.00, 305.01, 305.02, 305.03, 571.0--571.3, 790.3, and V11.3), biliary stone (ICD-9 code 574), cardiovascular disease including coronary artery disease, heart failure, cerebrovascular disease and peripheral atherosclerosis (ICD-9 codes 410--414, 428, 430--438, and 440--448), chronic kidney disease (ICD-9 codes 585--586 and 588.8--588.9), chronic obstructive pulmonary disease (ICD-9 codes 491, 492, 493, and 496), hepatitis B (ICD-9 codes V02.61, 070.20, 070.22, 070.30, and 070.32), hepatitis C (ICD-9 codes V02.62, 070.41, 070.44, 070.51, and 070.54), hyperparathyroidism (ICD-9 code 252.0), and hypertriglyceridemia (ICD-9 codes 272.1, 272.2, and 272.4). Based on ICD-9 codes, the diagnosis accuracy of comorbidities included has been well assessed in previous studies.^[@R19]--[@R23]^

Definition of Atorvastatin Use
------------------------------

The mean elimination half-life of atorvastatin ranges from 11 to 24 h in healthy people.^[@R24],[@R25]^ Therefore, we used the period of 7 days as a cut-off point. If subjects never had 1 prescription for atorvastatin, they were defined as never use of atorvastatin. According to the prescription history, we can estimate the last remaining 1 tablet for atorvastatin. We adapted the definition of medication use from previous studies.^[@R26],[@R27]^ Current use of atorvastatin was defined as subjects whose last remaining 1 tablet of atorvastatin was noted ≤7 days before the date of diagnosing acute pancreatitis or those still having atorvastatin tablets at the date of diagnosing acute pancreatitis. Late use of atorvastatin was defined as subjects whose last remaining 1 tablet of atorvastatin was noted \>7 days before the date of diagnosing acute pancreatitis.

Statistical Analysis
--------------------

Cases and controls were compared for demographic status, atorvastatin use, and comorbidities using the chi-square test and the Fisher exact test for categorical variables and the *t* test for continuous variables. Initially, all variables were included in the univariable unconditional logistic regression model to calculate the crude odds ratio (OR) and 95% confidence interval (CI) for the association between variables and acute pancreatitis. Then, significant variables found in the univariable analysis were further included in the multivariable unconditional logistic regression model. We used the SAS software for all data analysis (version 9.2 for Windows; SAS Institute Inc, Cary, NC). A *P* value \<0.05 was considered statistically significant.

RESULTS
=======

Descriptive Characteristics of the Study Population
---------------------------------------------------

Distributions of demographic status, atorvastatin use, and comorbidities between cases of acute pancreatitis and controls during the period 1998 to 2011 are shown in Table [1](#T1){ref-type="table"}. We identified 5810 cases of acute pancreatitis and 5733 controls with similar distributions of sex, age, and comorbidities. The cases were more likely to have higher proportions of current use of atorvastatin and late use of atorvastatin than the controls (1.45% vs 0.87% for current use, and 1.89% vs 1.66% for late use, respectively, *P* = 0.01).
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Descriptive Characteristics of Cases With Acute Pancreatitis and Control Subjects in Taiwan During the Period 1998 to 2011
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Atorvastatin Use and Risk of Acute Pancreatitis
-----------------------------------------------

The univariable unconditional logistic regression model revealed that the odds ratio of acute pancreatitis was 1.67 for subjects with current use of atorvastatin (95% confidence interval 1.18, 2.38), when compared with subjects with never use of atorvastatin. The odds ratio decreased to 1.15 for those with late use of atorvastatin (95% confidence interval 0.87, 1.52), but without statistical significance (Table [2](#T2){ref-type="table"}). Because no other variable was significantly related to acute pancreatitis in the univariable analysis, we did not perform the multivariable unconditional logistic regression model.
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Odds Ratio and 95% Confidence Interval of Acute Pancreatitis Associated With Atorvastatin Use and Other Comorbidities in Taiwan During the Period 1998 to 2011
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DISCUSSION
==========

As well known, the etiologies of acute pancreatitis have been extensively explored worldwide, such as alcohol consumption, biliary stones, hypertriglyceridemia, and diabetes mellitus.^[@R11]--[@R13]^ In order to diminish the confounding effects from these well-known risk factors, both cases and controls were well matched with comorbidities studied during the selection process of samples. Therefore, there was a similar distribution of comorbidities (Table [1](#T1){ref-type="table"}). We could explore the relationship between atorvastatin use and acute pancreatitis without confounding. After matched with sex, age, and comorbidities in cases and controls, we observed a modestly increased odds ratio of acute pancreatitis in patients with current use of atorvastatin as compared to those with never use of atorvastatin (odds ratio 1.67, 95% confidence interval 1.18, 2.38), but patients with late use of atorvastatin did not have a significant association. This means that currently taking atorvastatin might be associated with acute pancreatitis, independent of other comorbidities. Those who did not currently take atorvastatin might not have this association. Atorvastatin is a cholesterol-lowering agent, not treatment for gastro-intestinal diseases. Before conducting this study, no study revealed whether patients with acute pancreatitis might have higher proportion of taking atorvastatin. In this study, we observed that the cases of acute pancreatitis were more likely to have higher proportions of current use of atorvastatin and late use of atorvastatin than the controls (1.45% vs 0.87% for current use, and 1.89% vs 1.66% for late use, respectively, Table [1](#T1){ref-type="table"}).

Although the exact mechanism of atorvastatin-associated acute pancreatitis cannot be fully clarified in this observational study, the direct toxic effect or idiosyncratic reaction of atorvastatin on the pancreas can partially explain this relationship because a dose--response effect was not found (data not shown). That is, patients with atorvastatin-associated acute pancreatitis may be allergic or hypersensitive to this drug. Another possible mechanism can be partially explained by drug--drug interactions between atorvastatin and other concomitantly used drugs, which are mainly mediated by cytochrome P450 3A4 isoenzyme inhibition.^[@R1],[@R2],[@R28]^ That is, the potentially toxic effect of atorvastatin on the pancreas is expanded by concomitantly used drugs, which might inhibit cytochrome P450 3A4 isoenzyme.

To date, few cases have been reported that atorvastatin could be associated with acute pancreatitis as monotherapy or in combination with other offending drugs,^[@R4]--[@R9]^ but no case received the re-challenge test to confirm a cause--effect relationship. Similarly, the report of adverse drug reaction regarding atorvastatin-related pancreatitis published by the US Food and Drug Administration did not confirm a cause--effect relationship.^[@R10]^ In our study, in order to reduce the biased results, subjects who at least received 1 prescription for other statins or nonstatin lipid-lowering drugs were excluded from the study. Therefore, this study was to focus on atorvastatin use only and association of acute pancreatitis. In spite of a case--control study, our results were less confounded by other lipid-lowering drugs or comorbidities. To date, no other pharmacoepidemiological study focusing on atorvastatin use only and association of acute pancreatitis is available to be compared with. Further prospective trials are required to elucidate the precise relationship between atorvastatin use and acute pancreatitis.

Some important limitations should be considered in this study. First, theoretically, we should compare the group with atorvastatin use only and the group without using any drug. It is relatively difficult to design a case--control study using such an inclusion criteria. Second, many drugs have occasional case reports of acute pancreatitis occurring in association. Theoretically, all prescribed medications including atorvastatin should be corrected for analysis. In fact, it is relatively difficult to include all prescribed medications for analysis. Third, not knowing whether patients did take it or not, we used atorvastatin prescriptions for instead. Fourth, the etiologies of acute pancreatitis were not recorded due to the inherent limitation of this database. It was very hard to estimate how many patients with idiopathic acute pancreatitis could be substantially related to atorvastatin use but not detected clinically. Fifth, whether the association between atorvastatin use and acute pancreatitis could be a class effect with HMG-CoA reductase inhibitors cannot be determined in this study focusing only on atorvastatin, unless other statins and their possible association with acute pancreatitis are clarified. Sixth, a cause--effect relationship between atorvastatin use and acute pancreatitis cannot be completely established by our observational study. More prospective studies are needed to establish whether atorvastatin use is a risk factor for acute pancreatitis.

Some strengths of this study should be considered. This topic is of great importance and intriguing, due to the worldwide use of this medication. We utilized the national healthcare database of Taiwan, which encompasses 99% of the whole population living in Taiwan,^[@R16]^ to perform a well-matched case-control study to explore the association of atorvastatin use with acute pancreatitis. The statistical methodology is excellent and the conclusions appear straightforward. It provides the update information for further research.

We conclude that current use of atorvastatin is associated with the diagnosis of acute pancreatitis, independent of other comorbidities. Clinically, clinicians should consider the possibility of atorvastatin-associated acute pancreatitis when patients present with a diagnosis of acute pancreatitis without a definite etiology but are taking atorvastatin.
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